Background
Nephrotic syndrome is very rare, occurring in only about 0.01-0.02% of all pregnancies [1] , and de novo minimal change disease (MCD) during pregnancy is especially rare [2] . It is difficult but important to distinguish de novo nephrotic syndrome from pre-eclampsia, which is cured only by termination of the pregnancy. Renal biopsy during pregnancy has the risk of complications. When a fetus is viable outside the uterus, a delivery may precede an invasive procedure and/or therapy. Nephrotic syndrome and, especially, MCD are highly responsive to steroids, and preterm labor may be avoidable if the maternal condition is improved with steroid therapy. Serious maternal and/or fetal complications may occur if severe proteinuria and hypoalbuminemia are unabated for an extended period. Therefore, prompt diagnosis and proper management are critical to maternal and fetal outcome when severe proteinuria occurs during pregnancy. Here, we report a case of successful management of pregnancy with de novo MCD that remitted completely with steroid pulse therapy.
Case Report
A 30-year-old pregnant Japanese woman, gravida 2 para 1, was admitted to our hospital at 25 weeks of gestation for further investigation of severe systemic edema, severe proteinuria, and oliguria. Her past medical history was unremarkable. During a previous pregnancy 7 years earlier, there had been no evidence of urinary abnormality or hypertension and she vaginally delivered a healthy baby weighing 2856 g at 38 weeks of gestation. In this pregnancy, she was normotensive and urinary protein dipstick was negative at all prior pregnancy checkups. The patient noticed rapidly worsening systemic edema and decreasing urinary amount several days before her referral to our hospital and visited the obstetrical clinic following her pregnancy. At this time, she had severe systemic edema, especially affecting her face and legs. Urinary protein, by dipstick, was strongly positive. The patient was referred to our hospital for same-day investigation and treatment.
On examination, her blood pressure was 137/77 mmHg. Her body weight was 70.5 kg, reflecting an 11.5 kg increase over the previous 4 weeks. Chest auscultation and X-ray showed no evidence of heart failure. An abdominal ultrasound showed normal fetal growth, amniotic fluid volume, and placenta. The urinary protein/creatinine ratio was 10.99. The 24-h urinary volume was 273 mL/day and urinary protein was 12.2 g/ day. Serum creatinine was 0.54 mg/dL, and serum total protein and albumin were 3.6 g/dL and 0.7 g/dL, respectively. Disease screening for secondary nephrotic syndrome, including for autoimmune disease, viral infection, and diabetes, was negative. The proteinuria selectivity index (SI) demonstrates the selectivity of urinary protein and is calculated according to the formula: SI=(urinary IgG/serum IgG)/(urinary Tf/serum Tf)
where Ig is immunoglobulin and Tf is transferrin. For this patient, the SI was 0.13 (i.e., high urinary protein selectivity); renal biopsy was avoided because of the pregnancy. We reasoned that the most likely cause of her proteinuria was primary nephrotic syndrome rather than pre-eclampsia.
The patient was treated with steroid pulse therapy (methyl prednisolone 1 g/day) from day 2 to day 4 of admission to bring about rapid disease remission. On day 5, oral prednisolone (50 mg/day) was started. By day 14 (at 27 weeks of gestation), urinary protein had decreased to 0.76 g/day. Complete remission of the disease was confirmed on day 21 (at 28 weeks of gestation). As the urinary protein decreased, the oliguria improved. The patient's body weight decreased gradually. Steroids were tapered accordingly. The patient did not relapse during pregnancy and vaginally delivered a healthy male baby weighing 2342 g at 37 weeks 3 days of gestation.
The patient relapsed about 40 days after delivery. Steroid pulse therapy was again administered, and complete remission was achieved. At this time, renal biopsy was performed. The renal biopsy was consistent with MCD. On light microscopy, there were 25 glomeruli, none of which showed segmental sclerosis or thickening of glomerular basement membrane. All glomeruli appeared structurally normal ( Figure 1A, 1B) . Immunofluorescence studies were negative for glomerular deposits of immunoglobulin A and G, immunoglobulin light chains, and Clq.
Discussion
When proteinuria was initially detected during the pregnancy, pre-eclampsia or gestational proteinuria was suspected to be the leading cause. A previous observational study concluded that gestational proteinuria is a risk factor in pre-eclampsia and precedes hypertension in 20% of patients with pre-eclampsia; [3] however, Murakami et al. reported that women who had proteinuria prior to 30 weeks of gestation were more likely to have had underlying renal disease [4] . Nephrotic syndrome is specifically defined by the presence of severe proteinuria (>3.5 g/24 h), hypoalbuminemia (<3 g/dL), and peripheral edema. MCD is the predominant cause of nephrotic syndrome in children but was found to be present in only 10%-15% of adult cases [5] . In our patient, termination of the pregnancy and preterm labor would have been indicated as treatment in the event of pre-eclampsia; however, preterm labor at 25 weeks of gestation may lead to serious neurological sequelae in the newborn. Thus, it was important to distinguish de novo nephrotic syndrome from pre-eclampsia or gestational proteinuria.
Pre-eclampsia can be diagnosed without proteinuria if there is end-organ damage, although hypertension is an essential diagnostic criterion for pre-eclampsia [6] . However, patients with proteinuria who are not hypertensive do not always have underling kidney disease. Renal biopsy is usually performed for histopathological confirmation of nephrotic syndrome in nonpregnant patients. Renal biopsy is not absolutely contraindicated for all pregnant women. A systematic review of renal biopsy during pregnancy concluded that the risks of complications were higher in pregnancy (relative to postpartum biopsy), with a possible peak at around 25 weeks of gestation [7] . During pregnancy, noninvasive kidney evaluation is very important. Wang et al. reported that Virtual Touch Quantification technology is a useful method for noninvasive assessment of tissue elasticity to examine the kidney injury in gestational hypertension [8] . Renal biopsy was avoided during pregnancy in our case and we based our diagnosis and treatment on noninvasive investigations. SI is a useful and safe biomarker. SI results can be obtained earlier than results of renal biopsy. In our present case, the SI result indicated that urinary protein selectivity was high and that steroid responsiveness was likely to be good. While SI cannot accurately predict MCD, urinary protein selectivity was found to be low in pregnant women with pre-eclampsia and renal disease other than MCD [9] . We would have performed renal biopsy during pregnancy if urinary protein selectivity had been low or if steroid therapy had been ineffective.
A literature search revealed only 4 previous case reports of de novo MCD in pregnancy [2, [10] [11] [12] . Two of the cases were histologically confirmed by renal biopsy during the pregnancy. In both cases, the nephrotic syndrome occurred at 19 weeks of gestation [11, 12] . The other cases were not confirmed histologically during pregnancy [2, 10] ; in 1 case, nephrotic syndrome occurred at 33 weeks of gestation and the SI was examined [2] and this case had no other signs of pre-eclampsia. The authors concluded that correct specific treatment for nephrotic syndrome can confer safer prolongation of gestation. In our patient, prolongation of pregnancy was achieved with corticosteroid therapy.
In pregnant women with de novo nephrotic syndrome, fetal and/ or maternal complications may occur if severe proteinuria continues for an extended period [12, 13] . In a previous report, severe fetal growth restriction occurred, followed by intrauterine fetal death [13] , and in another case, dialysis was required for maternal renal failure [12] . Waldman et al. reported that the risk factors for acute kidney injury in patients with MCD were male sex, old age, hypertension, low serum albumin, and elevated protein excretion [14] . Chen et al. reported that severe hypoalbuminemia (<1 g/dL) was a significant risk factor for acute kidney injury in nephrotic syndrome [15] , while Silva et al. reported that oliguria was a poor prognostic factor for acute kidney injury during pregnancy [16] . Acute kidney injury occurred in 1 of the 4 reported cases of de novo MCD during pregnancy [12] . In that case, the severest proteinuria (15.4 g/day) was detected at admission to care, while in the other 3 cases proteinuria was never higher than 10 g/day. Among these 4 cases of de novo MCD during pregnancy and in our case, serum albumin before treatment was the lowest in our case. Although the serum creatinine was normal in our patient, severe hypoalbuminemia and oliguria indicated severe maternal intravascular volume depletion. Therefore, we decided that treatment for nephrotic syndrome would be effective and that it should be rapidly started to avoid threatened acute kidney injury. 
A B
To prevent worsening of the maternal and/or fetal condition, rapid achievement of complete remission was very important. MCD is generally a steroid-sensitive disease; however, the rate of response of MCD to corticosteroid therapy is lower in adults compared with children, and more prolonged therapy is required to achieve a remission [17] . A systematic review of the treatment of MCD concluded that patients treated with steroid pulse therapy achieved complete remission sooner and showed fewer adverse events than did patients receiving oral steroid monotherapy [18] , but complete remission rates and relapse rates were similar in both groups. Steroid pulse therapy was not performed in the previously reported 4 cases of de novo MCD during pregnancy; however, steroid pulse therapy should be particularly considered for pregnant women with nephrotic syndrome, for whom acute kidney injury threatens.
Conclusions
De novo MCD during pregnancy is very rare; however, serious maternal and/or fetal complication may occur if severe proteinuria and hypoalbuminemia are unabated for an extended period. Prompt initiation of steroid pulse therapy after diagnosis may enable quicker achievement of remission. Renal biopsy during pregnancy has a higher risk of complications than in the postpartum period. Evaluation of urinary protein selectivity is noninvasive and useful for prediction of steroid responsiveness. Results of urinary protein selectivity can be obtained earlier than results of renal biopsy. Renal biopsy is not always necessary for initiation of steroid therapy. In pregnant women with de novo minimal change disease, serious maternal and/or fetal complication may occur if severe proteinuria and hypoalbuminemia are unabated for an extended period. Rapid initiation of steroid pulse therapy may enable quicker achievement of remission and prevent serious perinatal complications. Further research on the evaluation of the severity of nephrotic syndrome during pregnancy and the selection of treatments is required.
